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@ Electrostimulation of microbial reactions. 

@ A method of fermenting a substrate with a microorg an- 
ient by forming o broth oomprioing tno aubatrotc ond the 
microorganism, and forming a fermentation product ihere- 
from characterised in that a fermentation stimulating elecrri- 
oal signal to imposed aarvoo the broth. 
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1. 

DESGiarrioN 

"EIEOJI lOS TimjIATlOH OF MTCHOBIA.L REACTIONS" 

Microbe reactions , i.e„, fermentation, are tHe 
biological conversion of a feedstock, i.e., a substrate, 
to u metabolite, i.e., a product, "by the actions of 
3 mifvrnbes. Microbe reactions are characterized "by the 
growth of the microbe, and the subsequent formation of 
a metabolite product. That is, substrate iSL iised 
initially for the growth and maintenance of the microbes, 
and subsequently for both the growth and maintenance of 

^10 the microbes and for the formation of product. Product 
formation is related to the eoncentx-alion OX substrate j • 
the concentration of microbes, and the yield coefficients 
of produce and microbes with reepect to the substrate. ' 
Moreover, the concentration of .microbes is a function of 

15 the specific growth, rate of the microbes, and the yield 

coefficient of the microbes with resper.t to the substrate. 

fermentation reactions are typically slow reactions. 
Ehat is, they require long residence time, i.e, high 
ratios of reaction medium volume per unix voluae of 

20 production per unit time. They alao. have a long .initia- 
tion time. That is, metabolite product cannot be formed 
in large quantities until high concentrations of microbe 
are present. rfuLx^Lent, i-el, substrate, is initially 
utilized primarily to grow and maintain mi crobes , and 

25 there-after it is utilized to a greater portent to form 
meUubolite product. 

Moreover, • the reactions, involving microbial growth 
and division, are complex. Por example, when the 
microbes are bacteria, cell gx*uwbh and division- is by * 

30 fission, i.e., an individual cell will double in. mass 

and content of cell constituents , and then spl.it into -two 
identical daughter cells, By way of contrast, yeasts 
are a class of microorganism that grow and divntie by 
budding. That is, a bnd vi.ll grow on an individual cell 
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until it matches the siae af the original cell, and .then 
separate leaving a bud scar. Pungi grow by chain 
enlongation and branching, i.e.* with growth proceeding 
from the tip or the nycelium through the fo:nnation of 
5 septa between individual cells* Cell division nitty 

require anywhere from 1J? minutes to* en hour for bacterial 
growth, from 4-5 minutes to 2 hours for yeast growth, and 
from one to Right hours for fungi nrr inyaftnial growth. 

The specific path of product synthesis, i.e, , the 

10 reaction patli .for the formation of tfte jnp.taboli.te 

product from 'the oubctrato or nutrient ic not clearly 
understood for every fermentation reaction. However, 
it io believed to depend upon microbe growth and 
Concentration, nutrient utilization, and metabolic 

15 controls. 

It' has now been found that the reaction rate of 
fermentation reactions, that is, the yield per unit time, 
unit volume | unit nutrient or substrate concentration, 
and unir microbe -concentration is enhanced by the 

20 ~ application of an alternating or pulsed high frequency 
electric fifilcl to thB reaction medium or microbes, 
substrate, and nutrients. 

As used herein, the terms n f ermentation" , 
"fermentation reaction", and "reaotioais utilising 

25 fermentation techniques' 1 include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
inorganic substrate, and any process mediated by or 
involving microbes or microorganisms in which a product 

30 accrues. * 

As used herein, the terms "microbes", "microbe 11 , 
microorganisms n , and ''micro-organism* include prokaryotes 
and eukaryotes,- "rrokaxyotes" , as used herein, means 
unicellular microorganisms, including bacteria n-nrt 

35 unicellular blue-green algae. "Eukaryotes 11 , as used 
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herein, means multi-cellular microorganiemo, including . 
fungi, yp.asts and actinomyoetcs. « As* ueed herein, tlie 
terms* "microbes", "microbe" , . "microorganisms" and "micro- 
organ i. em 11 include immobiliaed 'microbes and systems and 
5 structures of 3 ouxiubiliaed microbes as well as non- 

immobilized microbes. A3 used herein, Lhe terms "microbes", 
"microbe", "microorganisms M , and ^microorganism" include j 
both, naturally occurring strains and artificial j 
recombinant strains. 
10 Fermentation reactions, i.e., fungus, yeast, actin- 

* omyccte3,' end 4 bacterial f exmentatioT) reactions are 
Utilized industrially. Fermentation reactions are capable 
: of wider industrial ' use? bass ed -upon raw materd-al avail- 
ability and costs, by-product usage, and increased 
15 reaction rates. 

According to the invention described herein, any 
•or all of • the reaction rate, the innoculum build up, or 
efficiency of -conversion are increased by eleotricol 
stimulation* Electrical gt H mil a U Ion . may be utilized to 
20 * : reduutt the time .required t'o carry out the' reaction or to 
increase the' productivity of a given unit of production, 
that is to increase the number of batches that can be 
fermented in a given react ion vcoael. 
. ■ l^y electrical stimulation is meant the application 

25. of a pulsed or alternating high frequency electric 

\ signal ' field ' across the broth whereby to pass an elflr/fcrieal 
current through the broth , e.g-, by inserting electrodes 
- . in tlie broth, under conditions which increase the rate 

of the microbial reaction, • while substantially avoiding 
30 significant destruction of the micro-organisms, e.g., 

fungi, bacteria, yeasts or actinomycetea, the reactants, 
e-g-, the substrate, or the products. 

It has been found I hat a frequency of from about 1 
kilohertz to about 1000 kiloherts is particularly 
55 satisfactory in carrying out the method of this invention. 
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USie electrical stimulation electrical current 
may. be an alternating current or pulsed direct current. 
It should have «. frequency of f rom- about 1 kilohercfcz 
tu about 1000 kiluhert** although fx^ueiicies- below . 
5 about 10 megahertz may be used as veil as frequencies 
above about 0.1 ki,loherts with .3 ojdc . increases in yield. 
However, care should be taken e»g„ by using a frequency 
above about 0.1 kiloherts, to avoid large "amounts of 
electrolysis occurring within the ^eacticm Tnadrhim at 

10 low frequencies* . 

The method or this -invention may advantageously be 
carried out at various ranges of the electrolytic 
variables* i.e.j electrode area, inter-electrode spacing, 
inter-elcctroclc volume, current, current density 1 

15 current per unit liter-electrode volume, current .per 
unit broth volume, voltage, voltage .per unit inter- 
electrode spacing, power pex: unit iht ex*— electrode volume* 
power per unit broth volume, and. frequency -> 

Tor example, the method of -this invention has b^en 

20 " carried out utilizing SaccharomycftS cervisjaa to ferment 
glucose .at currents per unit interelectrode. vblume of 
from ahout 1 x 10~^ milliamperes per cubic centimeter 
to about 50 x 10~'. milliamperes per oubio centimeter of 
inter-electrode volume, at currents per unit; broth 

25 volume of from about 1 x 10"* milliamperes per cubic- 
centimeter to. about 50 x 10~* mill i amperes' per cubic 
centimeter of broth, current densities of about 2 x 10~^ 
milliamperes pex* :»quax*e* centimeter to .5 * 10 milli- 
amperes per square cerftimeter at * electrode area, voltage 

5p fluxes of 0.1 to 3 millivolts per .cent imetej? of inter-? 

electrode space, nnterelectrode power dissipations of 0.2 

10"^ watts per cubic centimeter -to 6 3C 10*? watte per 

cubic centimeter of ' interelectrode volume and broth- 
er 

power dissipations bf 0.2. x 10"° watte per cubic ccntx- 
55 meter or broth volume to 8 r 10 -8 watts . per cubic 
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centimeter of troth, volume. Elect xvly bio variables, i.e. 
currents, voltages, and power dissipations, and products 
and quotients thereof, outside the above ranges may "be 
utilized as long as car*: is taken, by avoiding simultaxi- " 
5 eous astomer of the ranges, to avoid destruction of the 
microbes; 

According to one exemplification of the method 
herein contemplated, a reaction medium of a hexose, 
e -S-» gluooee, other nutrients, and a yeast, Saccbaromycefl 

10 cerevislae is- provided. A pair of electrodes arc spaced 
about 4 to about 7 centimeters from each other within 
the broth, and an electrical current at a current density 
of about .0.1 to about O.J milliemperes per square 
centime! ex- of electrode area is passed through the 

15 reaction medium at a frequency of about 100 kilohertz to 
about 1000 Jciloherta- In this way, the yield of product 
per unit nf substrate per unit time is increased by 
about 15 to about 20 percent compound with the result 
without elentrical stimulation. 

20 Acoorddng to an alternative exemplification of the 

method of this invention, a reaction broth of a 
bacterium -euoh as Sacillus polymyta or Bacillus licheni- 
formiB. ^d glucose are prepared. (She fermentation 
. reaction ie then oarried out -while an alternating current 

25. having a frequency or about 1 JcLlohertz to' about 1000 

fcLLohertz, an imposed voltage signal sufficient to provide 

- . a current of 1 x 10~ 5 milliamperes per cubic centimeters 
of intereleetrode volume and 10" 1 to 5 milliompers per 
liter of oelution is imposed acx-oas the "broth. i»he 

50 resulting production rate of butane diol ia increased 
by about 20 percent compared with the result without 
electrical stimulation. 

Ihc mothod of electrostimulated fermentation herein 
described is useful with single cell blue-green algae, 

55- bacteria, yeasts, and actinoiaycetes. Suitable yeasts 
are for example, beker»e yeast end brewer 1 s yeaet, i.e., 



05/31/2031' 15:42 0004215505 RCCDPAX rwX 00/27 

0O41373 

single cell yeast of the SaccharomycoS dicae group, aa 
exemplified by Saccharoigyces • oereyisiae^ " 

{Dhe method of clcctrostimula-ced fermentation is 
■useful with various feedstocks. Exemplary -^re various 
5 carbohydrate substrates • 3y carbohydrates vre mean for 
example polybydioxy aUcehydes, polyhyciro:xy ketones, and 
substances that yield polyhydroxy aldehydes or poly- 
hydroxy ketones .upvn hydrolysis lor saccharification- 
Exemplary c&rbobydrates. are sugars | i»e« ".caocharidee. 

10 The saccharides useful in Lhe method, of this . invention 
may he monosaccharides, . i»e # * carbohydrate© incapable of 
further hydrolysis,, or- polyaacchaLrid.es, i«e,. carbohydrates . 
that yielld monosaccharides upon hydrolysis or caccbar-7 
if icatiou* Ha bur ally wvaxximg SiicchsxideH useful 25 

1$ substrates in the methods • of this invention include 
heptoses, hexoses, pentoses , tetroses, triose 3 homo- 
polysacchaTri rifts thereof', anri heteropolysnceharides thereof,. 
Exemplary hexoses'. include glucose', fructose > mamioee f 
galactose, and the fructose-glucose, dissacharide, sucrose. 

20 Exemplary pentoses include. arabinosc, 4 ariose ribose, and 
apiose. Exemplary polysaccharides .include sucrose, 
mentioned above, maltose, -lactone, /raffinosc, starch, 
glyuugeiL, cellulose, pectins, chitin, inulin, agar, 
hemic elluloses , plant gams and mucilages r • and immune- 

E5 polysaccharide 5 • 33y carbu^ drakes ' we- also mean sugar 
alcohols, e.g. sorbitol % TnaTinitol, glactitol, or- the 
inositols, Eadustrial sources of carbohydrate include, 
by vay of exemplification- manure, cellulosic wastes, 
molasses, whey, sugar, grain starches, .and byproduct 

30. carbohydrates. .Suitable grain starches -include by way 
of exemplification corn, com stover, wheat, barley, 
straw,' and bagasse. 

Amino acids m^y be utilised &s" substrates for 
f emiexilalluii lyue reacuiuiia* They inky. .be recovered as 
_ 35 products of fermentation type reactions v or they may be 
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intermediates, pi'oduced in one f ermentation type 
reaction as a substrate for a subsequent fermentation type 
reaction. Exemplary alpha-amico aoids include glycine,' 
alanine, valine, leucine, iaoleucine, serine, threonine, 
5 cysteine, cystine, methionine, phenyl alanine , tyrosine, 
proline, tryptophan, lysine, arginine, histidine, • aopsrtic 
acid, and glutamic acid.. iDhe above enumeration ia 
/ intended to be exemplary . and iiot exclusionary. 

Othex> substrates which may be utilised are, for 
10 example, hydrocarbono , e.g., aliphatic hydrocarbons, 

oarboeyclic hydrocarbons, ana heterocyclic hydrocarbons. 
As used herein, hydrocarbons inclnde. substituted hydro- 
carbons, e.g. halogenated hydrocarbons, and hydrocarbons 
having one or more functional groups, e.g. alcohol, 
15 ketone, aldehyde, acid, ether, amine, amidine, K-aHcyi 
amide, M",ir-diaJTcyl amide, imidic ester; imide, aldimine, 
ketiminc, thiol, thio ether, disulfide, thio acid, 
dithioacid, thio aldehyde, thio ketone, sulfonium, 
sulfoxide, eulfinic acid, sulfone, sulfonic acid, phos- 
20 phite, phosphine,. phosphonate, phoephate, orthocarbonate, 
carbonate, chlorof ormate, carbamate, carbamide (including 
urea), U-alkylurea , o-alkylurea, cyanate, isocyanale, 
carbodiimide, xanthate, thiocarbamate , thiocyanate, 
iaothiocyanate, diasoate, or diazocyamid© groupo. 3a. 
25 .many cases the substrate is a dilute pollutant,' and is 

degraded or .metabolized to a non-polluting product. ' 
. The method of electrostimulated fermentation may 

be utilized with both aerobic and anaerobic fermentations. 
Electrostimulated f ©mentation is useful in the 
50 industrial scale production of any product that can b.e 
produced by fermentation techniques, as described 
hereinabove. Theoc products include the following, idiioh 
enumeration is exemplary and not exclusionary: anti- 
biotics; organic solvents, for example, alcohols , e.g.,. 
35 butanol, -elhanol, and amyl alcohole, ketones e.g. acetone; 
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gases, e«g* carbon dioxide and hydrogen-, beverages , e*R« 
wines, "bee-PR and licpiors; foods, e.g, cheeses, fermented 
milks * pickles, sauerkraut, soy sauce, yeast, vinegar, and 
mushrooms; flavoring agents e^g- monoso&ium glutamate; 
5 organic acids and hydroxy acids e,g» lactic acid* audio 
acid, citric acid, gluconic acid, butyric acid, fumaric 
acid, and itaconic acid; glycerol; 'amino acids, e*g # 
I^- glutamic acid and L- lysine ; steroids; organic trans- 
formations % including steroid, alkaloid, and antibiotic 

TO trans! ozmations ; yeasts, including food yeasts and 

anTTnfll feed yeasts, legume inaoculants 3 peetioides, c»g« 
microbial and bacterial pesticides; vitamins and growth 
stimulants t e # g, vitamin B 12 vitamin A, riboflavin and 
gibberallcines ; enzymes including amylases, proteolytic 

15 enzymes, pectinases, invernases, . and celluiases, inter 
alia; fata; falty acids; alcuhuls; fuels; and hydro- 
carbons. 

The electrostimulation method herein contemplated • 
may also be used for the control or destruction of 

20 • deleterious substances, e.g., pollutants, and aqaeuus 
. dispersions, suspensions and solutions of hydrocarbons 
or balocarbons, including polymers thereof « 

While the electrcstimulate fermentation method 
described herein above is useful with various microbe© 

25 , in various fermentation reactions, the method or this 

invention may be exemplified by the Weizmann Process for 
the bacterial fermentation of starch to yield n-butyl 
alcohol, ethy3. alcohol, and acetone; •fchft production of 
ethyl alcohol by the use of flhizopua f omoaaensi s , 

50 Saccframmyces cervisae , Saccharomyces uvarium , or 

Aspergillus foetiduo t the production of aoctio aoid 
utilizing Acctobactei alooholophilus , Lactobacillus 
plant cram , or Polyporue palustris ; the production of 
acetone utilizing 01ostrld±\zms ; the production of butanol 

35 utilizing Cloatridiums ; the production of glycerol 
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utilising Bacillus llchenlformug or SaccharomyceB roux ii- 
the production or acetic acid uoing A oetobaolej pasteup 
ianua ; the production of v/ines using Saccharogycea 
chevalieri, Saccharoa ycee ocrria iae. Saccharomyces" roei . 
5 gaooharoBiTuca vafer . Saccharomyces vini . Torulaapora 

florentlua.. Saccharo myoco acet i. or Saccharomyces ovidjans : 
the production of edible proteins utilising C.haptomium 
cellalolytilum , Geotriomn oandidum, Candida utilis, 
Gcllulmoaaa or Alcaligenes fascalis : the production of 
10 anthroqui -nones utilising Chryaospor i um laerdarium . 

Holmlnths poriuai c.ynadoiiitis T or Pftnicillium. islandjcum ; 
the production of antibiotioo utilizing Byaaochlanrs 
Si^ea* Pueariuin ecuiaelo. Gliocladi-niiu Aspergillus aotiazius T 
Aspergillus sulphureus. Penicillium cyclo pium, Penicillium 
15 nartensi, Jenici ll ium palil-ans . Penicilll.TiiTi puberalum . 

Aspergillus nidul are . Penicillium ohryoRcnum . genloillium 
notatum, aoromoniun str ictum , Oeuhalasporium ohrrsoprenum .' 
Serratia i»ebidaea T Streptomyceft lavendulao . Street oip yces 
alauligous. Streptomycee l ipnanii , Aciaetobacter calco- 
£0 aoeticus, Bacillus ceres . iiac-nUis lichenif omnia , or 
Bacillus subtilie : the production of ' L-arginine by 
Bacillus subtllis. Breribacterfum flurua . Qprynebacterium 
Klatamicum. or Protamino baotcr fthi&^-n.-^ -.af,....-. tne 
production of ascorbic acid by escherichla ; the production 
25 .of biotia by Ooryn enact erium •pr imorioxyriaT.fl , ox PsubOo- 
manus atutablio; the production of butanediols using 
Bacillus llgheniforjnia, Bacillus polya^ xa. or Kle bsiella 
PTiRumoniae; the production of butyric acid using Tjuty- 
rivibrio fibrisolvens ^ the production of caprylic acid 
3D ' using Ranibacterium ala ctolrticum ^ the production of 

carboxylic acid utilizing Sacchroniycopsis lipm.ytica . or 
SporoloTiiyces odoruss the production of formic acid using 
Polyporus palustris: the production of fructose utilising 
.Bacillus megatftjiuio, Pseudemanus boro opollis or Pseudomonas 
35 fluoroaoens: the production of gluconic acid using 
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Aspergi.r.l'wa carbonarius % or ' Penioillum chrys o ^ezium ; the. 
production* of gluco&e utilizing. Trichoderma longibraclfr - 
iatnrc » the production , of p-hydroxy bencald^hyde using 
G accharomycea satic; the production of singl* cell 
5 proteins utilising Arthrobactea? petyolcophagus , 

Arfchrobaot cr rub ellua , Arthr abac L er « , Aspergillus fumig:^ 
atug , Oe LJ u I njnonas cartelyticuia , Cor^cbactcri^™ f u,ji- 
. * Qlcem3e % Kliayurom yoes fr agilis mox-ehella crasgjpe . Myco- 
bacterium curftatum* , >frcoobacteriuiiL petrolcophilum * or 

10 Nooardia neoopRca , and the production of xanthan gum 
using, e«.g- t XanthamoTias ttampestris , The method of 
Dlectxostimulated fermentation wa,y be used 'in the 
fermentation of substrates, to obtain. vitamins, anti- 
biotics , " and enzymes . * . 

15 Electro stimulated fermentation also "finds utility * ■ 

in microbial cellulose digest ion, e.g*, with Po lysuiKiuui 
oellulosuia ; cleaning: metallic surfaces,, e^g- f with 
ffhiobgcillus f errooxidans. qt flhiob'aoillus thiooxid& og; % 
degradation of cellulose; degradation or cyanides in 

20 waste water, e_g. , with Bacillus subtiiia , Ooryncbeiote riuBU 
or Kbcard ja rubrop ex^tincta ; . degradation, pt ethylene 
glycol with unidentified bacterium, ATC0 270'l-2j degradation 
of chlorinated 'phenol fungicides; .'degradation of systemic 
fungicides , e • g* ? with Ehizcnmg lapnnicus : degradation 

25 .of hydrooarbono, c»g.> with/Aspe rgillus Vex ; aioolor . 

Brettanomyoes petrophilum ^ Candida [ p etr opTiilum , Candida 
tropicalis , Claclosporiim resinae , CnTmi -ngbamella 
elegans, Eupenicillium zonatrum , Saccharose apneas lipuly- 
tifta , or florulopsia pgtjophilujii j degradation of ^et fuel, 

30 e,g. , with Acre moniuiu .strieLum , Alteraa-ria- alternata ^ 
Aspergillus juTni^atas y or Cladosporiua resinae ^ ' 
degradation of methanol, e..g. , with Hansenula' polTmorpha : 
degradation or ni.trj ] p.s? ±oc waste water, e*g. t with 
Aloaligenes vi solacfeis, Nocardia ru bx-u u I iact a t , or 

55 Ba cillus subtilis ; . dftgradfrtion of petroleum, e*g. with 
Aspergillus aureohaqidium * Candida pr prapsiigsis i ' Candida 
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tropiealis, Candida utilis, Cladgg prfg, cladogEogiotceg 
jfegotheoium verracaria, ffocardia coraUina , WccaTdia" ' 
ferula , goca^lia 0?a in T Nqoa rdia paraffins . 
£uhra, Pga icllliUB , Erototheca. Saodotorala . Soccharo- 
5 myoes CRTnrieiae , or Saoc^rogy COT)5ia lj PD lvt:ir. a T '"^7 
degradation of phenol, e.g., wit* Gloeoporns dic hrous 
or Htodirbonil* ^atinie; the degradation or wood'; 
m phosphate removal in sewage treatment, e . Sl with ' 
Chryeospor-Km pmorum. Oootricb a a candidum . linear 
10 hiemalio , and laecilumyoes aa.™***. water pollution 
control, e.g., with Khodotorula ^ lutinig and Tj-icho- 
theoima roaeum; ' and the production of dexfcrane "by the 
fermentation or sucrose, e . s ., with Igucono stoo meses*. 
eroides and Betacoccus arahino sar^ and" the production 
15 of ianranopolysaccliarid.es. 

The following examples are illustrative. • 

zzfi.rip.nE i 

Electroetimulated and oonrentional f exmeutations 
were carried out in a hatch reactor. 
20 The reaction hroth wae prepaid by placing i 500 

• milliliter of distilled water in a sterilized J liter- 
weaker. CarDonydrates, water and nutrients were added 
to the "beaker in the following quantities; 

Glucose 220 grams 

25 • * aC1 ' 3'graas 

(H%) 2 S0 4 5 gpaj,^ 

E 2 HP0 4 . 2.4 grams 

K ^2 F0 4 ' 0.4 grams 

"Distilled Water to make 2 litero 
^areafter, a 200 milliliter portion ux the glucosa 
solution was placed in a Sterilized container and 14 
grama cf Pleiechmann'e Baker's .Yeast, Sacoharomrces 
o^revisae, was added thereto and stirred to form a slurry 
The yeast-glucose slurry was divided into two equal 



30 
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portioiiB of 100 milliliters each and pub" into' two 'i liter 
eterllized resin fcettles* To each or the divided yeast- 
glucose slurries were added 2,1 grama of coxn meal> and 
700 milliliters of the glucose solution. . 
5 The outlets of both reactors were connected to 

wet test meters to measure the gas produced/ One reactor 
was run without electrical stimulation. * 

The other reactor had an electrode paij? oT two 
4 square inch stainless steel electrodes, 4* centimeters 
10 apart* A sisuiil Reneratox* was utilized to. generate a 

300 kiloherts, sine wave, voltage signal* ■ A ' 50 milivolt 
&±&!ml caused a current of 1.5 milliamperes to Ilow# 

Eight eimtiltaneous.,. side-by-side runs' uere made, 

with one reactor, having *lecUrica+ stimulation and the 

* * * 

15 other reactor "being unstimulated^ 

The results shown in Table 1, below* ?rere obtained; / 

TABIS I • 

CONFAKISON Off ELEC TEO— ST IMOIATED- PEEMEHEATIQEr VITR 
* ' COTTTEHTIOISAIi JERT jSMTAT IOff 



20 


or nam 


Current 
gniiia.- 
• ' anperes) 


• Moles of , • 

Sbimulcrccd 
{.eel euro- . 
ma-fcograpM.c') '• 


Holes of 
Ethsnol- 
■ Unatinul a-fced 

ma-fcoiscraijliic} 


25 


26.5 . 


1-.25 • ; 


, ;• . O.A?6 ' 


0.456 . 




•is 


1.25 " ' 


." 0.506 


'.' 6.475 • 




22 


1-5 


. ". :o.56i 


0.469 


* 


*7-5 




0*967 ; 


0.930 




23-4 


2-25 


0.B4O 


O-B55 


30 


27 




0.420 . 


• O.390 




43.4 


1-5 -6.1 


. 1-14 


1 .16 : 




25-5 


2.25-6.5 • 


. 0.715 ' ' 


O.707 * 



SAMPLE II " • 

Electrostizaulated fermentation was carried out in 
35 batch reaciux' to detexrmine the effect of curxent and 
fre<2U.*r.cy. 
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The reaotion "broth was prepared by placing one 
liler of distilled watft-n in a storilieed beaker. 
Csa?bohydratos, water and nutrients were added to the 
beaker in tne following quant it ieg : 



5 Sucrocc 



100 grams/liter' 



N ? 01 1-5 grams/liter 

(HH 4 ) 2 S0 4 3.1 grams/liter • 

E i2 HP0 4 1.2 grams/liter 

XHgK)^ . 0.2 grams/liter 

™ Distilled water • 

1.2 liters cf the solution were placed in a 1-5 liter 
resin kettle. 

Thereafter, 7.0 grams or Fleischmaim's dried Eaker'a 
Teast, saccharomyces oerevioiae, was poured on top of the 
'15 reaction "broth. The reactor was then closed, with gas 
venting through a water eoal -bubbler. The mixture -was 
allowed to stand Tor 18 hours. 

Thereafter, at 24 hour intervals, the slurry was 
removed from the reactor by aspiration and filtered to 
20 recover -nhe yeast r.ake. The yeast cake wae added to 1.0 
liter of fresh reaction brolh and returned to the kettle, 
Which was sealed with a &s vent to a burette of 1 percent 
sulfurio aoid and stirred for 5 minutes* 

After two Hours, ronr gas volume readies were token 
25 at one half hour intervals, and used to calculate a 
, ^ base gas evolution rate, So. thereafter, electrical 

stimulation was commenced. Pour 'gas volume readings were 
taken at half hour intervals beginning one hour after 
• electrical stimulation, and need to calculate a test gas • 
50 evolution rate, Bjv- • Sox- the fermentation with electro- 
stimulation, H T is the gag evolution rate. For" the 
fermentation without electrostimulation, is the gas 
evolution rate measured simultaneously with and calculated 
in the same way as the gas evolution, rate for electro- " 
stimulation. • After three hours of electrical stimulation 
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the current was turned off for 19 hours t and then 
reaction slurry removed as described above. 

>;aoh electrode was a nickel wire, 0.63 millimeters 
diameter, spiraled twice around a four Inch (10 cm) long, 
5 5 millimeter diameter glass rod. The electrodes were 
opaocd 6.5 to 7»0 centimeters apart. Voltage was 
provided toy a uynascan 5010 function generator, 

The effect of applied electrical field was as shown 
in Table IX below: 

10 TABIE II 

EPPECT OP APPLIED CUEHEHT (AO? 100 KILOHEKTZ) 
ON (i/LS KVOHFl'IQIT • 

(Em/Eo)with 

Current (Bu/Ro) (Pm/Eo) x current 

15 . (milli- (without (with C&Jxo) without 

amp or cc j current ) cur rent^ cu r rent 

0.15 1-05 1.15 1.10 

0.15 . 0.92 1.02 l.U 

1.5 • 1-01 1.13 1.32 

20 ' 1.5 0.98" 1.17 1.19 

. 03ie effoot of frequency was as shown in Table III 



below: 



TABLE HI 



EFPECT OP PPEQUXUCT (AT 0.15 MILI»IAMEEEES) 
25 z • OCT G&.S EVOLUTION ■ _ 

(Erj/Eo) - . (Hj/Ko) with 

" • .flrequency (without (with u 0 *?" 0 ?!? — u. 
(kilohercg ) current) current) - ^V^^™^ 
' current 

5° 10 0.83 0.92 l.U 

100 1.05 1.15 1.10 • 

100 0.92 1.02 1.11 

EXAMJPLK TTT. 

Fermentation of glucose with s.cervisiae was carried 
55 out with and without elect rical stimulation. 
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20 



25 



250 



40 



15- 

A "broth was prepared containing 220 grama of 
.gluoooc, 7.5 grams or S.cerevisae . .10 grams of NH CI 
22 grama of W^EPO^ x ? HgO, 12 grama of KHgFO., *" 
1 gram of MgSO^, and 0.04 grams of CaCL-, and diotilled 
water to make two lit ere- ' •• 

The broth was divided into two portions and placed 
, in sterilised resin kettleo, 'Both kettlus were stirred 
continuously with a magnetic stirrer. One kettle,- 
intended for electrostimulation, had an electrode 'pair, 
eaoh electrode was a 0.63 millimeter diameter nickel 
wire spiral ed twice around a four inch (10 cm)long, 3 
millimeter diameter, glass rod.- »±«he electrodes war© 
spaced 6-5 to y.O millimeters apart. 

She fermentation waa carried, out at 30 degrees ' 
Centigrade for 23.5 hours. A signal generator was 
utilized to generate a 300 kiloherUa. .50 millivolt, sine 
wave signal.- The results shown below were obtained-. 

B.0EE7IBI AE FEEHENTATI01? ' 
. • " ' OP GLUCOSE 

' ' WITHOUT 

. ELECTRICAL 
STIMULATION 

EEEQUEUGY . , • . 

CURRENT . " 

UTITIAL TEiST (ftHAMB/ 

' • LITER) 3.4. 
PIK/LL TEAST (GRAMS/ 

LITER) 8.8 
INITIAL GLUtXlHTC (GRAMS/ 

LITER) " . 108.9 
STNATi GLUCOSE . (GRAMS/ 

• LITER) 4.3 

TTflTIAL ALCOITOL (GRAMS/LITER) 0.7 

RINS.L ALCOHOL (&RAM3/LITER) n^.o 



WITH 
ELECTRICAL 
STTMULATI01T 

300 kilohertz 

1.5 williamperes 



GRAMS OR YEAST/GRAMS OP 

GLUCOSK-HOUR 2.18 x lO" 5 
GRAMS OP ALCOHOL/GRAMS 
. UP GLUCOSE-HOUR 



3-5 
9-3 • 
10S.3 

<0.20 
-. 0.8 
54-.4- 



GRAMS OR ALCOHOL/GicAMG 
. Off "YEAS 1 !.' (RINAL) 



1-71 xio 
4.87 



,-2 



2.83 x 10" 3 
2.18 x 10~ 2 
5-?2 
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GhT.T, COUMT OP 200 SQUARES (three pipette samples per 

kettle) • . * . 

SAMFIE 1 660 865 

SAMPLE 2 739 89;> 

5 SAMPIE 3 632 804 

MEAIT . 677 8^3 

■ranCtB 107 91 

ST.AHDA.RD DEVIATIOH" 63 53 
PEKClt'N'l 1 KKIiATXVE 

10 3TA1TDAKD DEVIATIOH" 9.3 6.2 

DJFFEBESXCR IN HEAJ5TS 178 



C-,2 +■ 2 = 47 

26 4 7# RELATIVE 




, er „ ■ ^ u * M • (at 1 crtandard deviation 

i-5 (e 1 is tlie stranded level) 
' deviation and n^ is the 
number- of replications). 

The student's "t" test was applied Uo the cell 
counts. A Qt or 3-79 with a probability of 0.02 was 
20 obtained. That io, the probability' that random errors 
would result In the 2655 relative difference observed 
was less than 2 percent. 

A series of tests were conducted to oompare 
25 electrostiiaulaUed fermentation with conventional 

"l-e-rrnentation. For each test a simple nutrient solution 
was prepared. A portion of the nutrient solution was 
.withdrawn to malre a yeast solution. The remainder of 
the nutrient solution was -divided into two equal 
30 portions and placed into two identical, ' T aboratory 
ferment ers. Both feimenters had on electrode pair. 
Pleischmaun't: BaJcer's Yeast, Sacoharomvces cervisiae . was 
slurried in the remainder of the oingle nutrient 
solution. The nutrient solution, containing tae yeast, 
33 was divided in half, Each half was placed into one of 
the two identical laboratory fermenters. A voltage 
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signal was applied across one solution only of the pair. 
Solution samples were oimultaneously taken from "both 
oolutions of - the pair. Differences between the two 
fermentations of a pair were attributed to electro- 
5 otimulation, while differences between ecto of pairs of 
fermentations wero attributed to conditions of the 
nutrient and innoculum solutions prior to commencing 
. the tests. ' 

Por each fermentation a resin kettle f exmenter was 
iO usfid. Th.9 resin kettle fermenter bad an inside diameter 
of 10 centimeters, a depth" of centimeters, and was 
sealed on top. Each rccia kettle fermenter had a sample 
probe, a pH probe* a mechanical stirrer, a sodium hydroxide 
inlelr, a gas outlet, and an electrode pair. The 
1.5 electrodes were a pair of two incb (5 cm) ny two inch 

• (5 cm) stainless steel plate electrode© opaced two inches 
(5 om) apart, 

A glucose solution was prepared by adding in order: 
Glucose • BgO 220 grams, 

20 BH 4 C1 10 grams 

ua 2 HFCy 7^2° 22 grams 

XEL^PO^ 12 j^-am 

MS 30 4 , 1 gram 

- ■ CaOlg . 0-04 gram 

^2° ' "to make 2 liters 

ffihe glucose solution was boiled, and the pii was 
. adjusted to pH — 5 with HsKJ^. 

A yeast slurry was prepared by withdrawing 200 
milliliters of the glucose solution, .ind stirring 3,6 
50 grams of tfleiscbmana's Baker 'c Ycaat Sa ccharomyces 
c^rvisi&c into the nutrient. 

Kach test was commenced by dividing the nutrient 
solution into two S00 milliliter - portions and placing 
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20 
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55 



18. 



one poKn'on of the hutrieat solution into cdch. resin 
kettle fenoenter. . Thereafter the slurry "of yaast and 
.nutrient was divided into two lOO' milliliter portions. 
One portion of the yeast-inrfrrieiit -slursy was added to 
each of the resin kettles. 

The resin keltles were maintained at 'a temperature 
of 30 degrees Centigrade "by inmercibn in et water "bath.. 
The pH was maintained "between pH *.7 and pH 5.2 by 
addition of aqueous UaOE. In each run a" 300" kilohert*, 
1.5 milliampere, 50 milli'vplL signal was applied across 
the electrode pair in one kettle, jfo signal wag applied 
to the electrode pair in the other, kettle.- " 

The fallowing results were obtained? 
S ot 1 • 

3X0 CUSKSfl'i' QUERENT 



EIAPSED 
TUIE 



(hours) 

1.25 
5 
6 

25 

Final Tcost 
Cgrms/liter) 

3et 2 

EIAP3ED 
TIKE 



Ethyl 
Alcohol 
(grms/ 
liter) 

l.l? 
1.87 
5.28 
31.8 



Glucose 

Cgrms/ 

liter) 

98 

* 96 • 
78 

<0.25 



EtSyl-. 
Alcohol 
Cgrms, 
liter 

,.72 
" 1-95' 
5-72 

.40.4. 



Glucose 

Cgrms/ 

liter) 

100 

98. 

79 

<0.25 



2-54 



U0 GTJBBEHT 



2.63 



-OUKKBEEP 



(hours) 


Ethyl ." 
Alcohol 

fer< 


Glucose ' 
Cgrms/ 
.liter).' 


' Ethyl 
Alcohol 

Cgrms/. ' 
liter) 


Glucose 

CgTtDR/ 

liter) 


1 


* 0.6?. 


" 9& ' 


0.09 • 


103 


2 


0:55 • 


85 


o-V. 1 . 


96 


4.5 • 


2.7 


?8 




76 ' 


6.5 


5.6 


72 


6.9 ' 


64 


28 . 




<o.25 • 


•• 57.0 


'<0.25 



40 



Pinal feast 
(gnas/liter) 



0.466 



0.504 
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act 3 



EL/LP3ED gfO'oUBKEMn? CUKREKT 
TIME ' . ~ 



(hours) 


Ethyl 
Alcohol 
(grins/ 
liter) 


Glucose 

(gnus/ 

liter) 


Kfehyl 
Alcohol 

(gXDO/ 

liter) 


'Glucose 

forms/ 

liter) 


1 


3-0 


8? 


5.5 


88 


3 


0.5 • 


87 


* 11.0 


70 


4.5 


' 22.9 


40 


28.0 


45 


6 


57.9 


19 


57-0 


19 


22.5 


4A.2 


<0.25 


. 48.7 


<0.25 



Piaal Yeast 

(grins/liter) 9.0 ' 9.8 



Set ft- . 

E T. APSE P HO CUEREHT CDREERT 
TIME — 





Ethyl 




Ethyl 






• , Alcohol 


Glucose 


Alcohol 


Glucose 


(hours) 


(grins/ 
liber) 


(scms/ 
liter) 


lxter) 


(grins/ 
liter) 


1 


0.7 


103 


0.6 


110 


2 • 


2.9 


98 


2.5 


95 


3 


3.1 


84 


3-«- 


92 


4 • 


5.2 


78 


5.* 


62 


5 


11.6 


GO 


10.5 


62 


G 


18.7 


00.2 


19.9 


10.3 


7 


24.8 


.3 


27.1 


-3 


8 


31.9 




32.0 




9 


41.7 




51.0 




2'1 


4G.0 


<0-25 


56.0 


<0.25 



Final Teaat 

(srma/la-tei-) 8.9 g.g 
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Bet £ 



Final feast 
(grms/liter) 





E1APSED 
TIKE 


HO CUKKEHT 


CUKREHT 


5 


fbnnns} 


Ethyl 

Alcohol 

(snas/ 

SO ' 

liter) 


Glucose 

(grins/ 

liter) 


Ethyl 
Alcohol 

liter) 


Glucose: 

Cgraa3/ 

Liter) 




i 


1.0 


109 


. 1.1 


107 




2 


2-0 


SO 


2.8 


97 


10 


3 




81 


5.1 


83 




4 


9.5 


00 


0.0 


00 




5 


17.0 


70 


17.5 


69 




6 


19.1 


54 


17-7 


56 




? 


21.7 


55 " 


24.0 


39 


^5 


8 


32.4 


21 


57.1 


27 . 


25-5 


41.4 


. 4 


46.9 


<0.25 



9.9 



10.5 



While the invention" has "been described trith respect 
20 to certain exemplifications and embodiments % that is 
with respect to certain microbes, i.e., bacteria , 
sictinomycetea, Tnngj. , and yeasts, certain substrates t 
i # e» 1 hydrocarbons, and carbohydrates ^ and certain 
products, it is not to be so limited, except as in the 
25 cloiaac appended hereto* 
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1 e A method of fomenting a substrate with a 
micrQur^ciaism by forming a broth comprising the substrate 
and the- microorganism, and forming .a fermenta Lion product 
5 therefrom characterised', in. that .a fermentation stimulat- 
ing electrical signal . io imposed across the broth* 
" -2.0 A method according to claim 1 characterised 

in that the microorganiem io yeast r actinoinycetti^ 
bacteria., or. unicellular blue-graen. algae, 
in 3- A method according to claim 2 characterised 

in that the- yeast is bl SaccHaroiqyol<lea« or a Hacchar^ 
ouivceg cervisiae * 

4o A me bhod according to c la im 1 , 2 or 3 
;• ' -.characterised in that the eabetratc ia a csrbohydrate, 
. 15 hydrocarbon or amino acid 0 

5o A method according to olaim 4 characterised 
in that the carbohydrate is glucose, fructose or 
mannose. 

G. A method feLCCurdin^ to claim 4 characterised 
20 in that the carbohydrate ie a polysaccharide, 

7© A method eccoraing'to any of claims 1 to 

6 characterised in that the electrical signal ie 
an alternating current signal or a pulsed direct 

- ' current signal. 
2 5 Bo A method according to any of claims 1 to 7 

• m characterised in that the electrical signal has a 
frequency of 0*1 kilohertjs to 10 megahertz. 

9» .A method according to any of claims 1 to 

7 vherein the .electrical signal has a frequency of 
30 1 kilohertz- to 1 000 Idiohertzo 

10, A method according to any of olaimc 1 to 
9 characterised in that the current per unit of in-Ke-r- 
electrode volume is* from 1 x 10"^ to 30 x 10^ milli- 
umpex*e« per cubic centimeter • 
3S 11* A method according to any- of claims 1 to 10 

characterised- in that the current per unit of broth is 
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from 1 x 10~ 4 t 0 50 a 1D~* mim amperes per cubic 
eontinetcr. 

12. A method according to any of claims 1 -to 11 
characterised in that the current density ±e from 2 x 
5 10 to 50 z 10 millifcuaperfcis per sguare centimeters. 

A method ancorflin.-^ to any of claims 1. to 12 
characterised in that the voltage flux is Od to 5 
millivolts per nervfci meter. 

14o A method cording to any of claiiutf 1 to 15 
10 characterised In that the interelectrode jovier diesipat- 
ion io from 0*2 x 10 ' to 6 ^ 10 ' watts per cable 
centimeter of interelectrode volume. . 

• 15* A method according to any of claims 1 to 14 
* characterised in that tha brnth power dissipation is 
1 5 ' from Oo 2 x 
of hrotho 



10 to 8 x 10 vratts per -cubic centimeter 
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